Anterior cervical discectomy and fusion (ACDF) is one of the most common operations utilized to address pathology of the cervical spine. Few reports have attempted to compare complications associated with inpatient versus outpatient ACDF.
Results
Of the 94,492,438 inpatients comprising the NIS from 2001-2012, 257,398 received ACDF. Of the 4,194,207 outpatients comprising the NJ SASD, 2,016 received ACDF. PSM of 10,080 patients (all 2,016 SASD and 8,064 from NIS) was performed, and subsequent analysis revealed that durotomy (P=0.001;OR=0.81), paraplegia, postoperative infection, hematoma/seroma (OR=0. 14) , respiratory complications, acute posthemorrhagic anemia and red blood cell transfusion (all P<0.001) were less frequent in outpatient versus inpatient ACDF (p<0.05). These results were similar to an unmatched analysis involving all of the NIS patients.
Conclusion
Accepting the limitations of the NIS and SASD (inability to distinguish between one and two-level fusions, no long-term follow-up, potential selection bias, disparities between inpatient and outpatient ACDF populations), these findings indicate that for 1-2 level ACDF, perioperative complications, including durotomy, paraplegia, hematoma, and acute posthemorrhagic anemia were more commonly reported following inpatient ACDF. Future studies involving outpatient analysis of several states will be necessary to determine whether these results of outpatient ACDF are applicable nationwide.
Introduction
Anterior cervical discectomy and fusion (ACDF), first described by Smith, Robinson and Cloward in 1958 is considered optimal treatment for a number of degenerative cervical spine conditions, and has markedly increased in volume over the past 20 years. [1] [2] [3] Due to persistent and unsustainable growth in healthcare costs, with surgical care alone comprising 7% of the United States gross domestic product (GDP), cost-saving strategies such as outpatient and ambulatory surgery centers have increased in popularity, given that they cost approximately 30% less than comparable inpatient hospital procedures. [4] [5] Recently, a few single-center studies using relatively small sample sizes have examined intraoperative and perioperative complications of outpatient ACDF in order to assess its safety, motivated in part by the realities of the current medical-legal climate. [6] [7] The complications of outpatient versus inpatient ACDF have been examined sparsely in the literature, with only one study using a population-based database to examine surgical safety and quality between outpatient and inpatient ACDF. 5, [8] [9] The present study was performed to examine this area utilizing the Health Care Cost and Utilization Project (HCUP) databases, the largest family of populationbased databases cited in the peer-reviewed literature.
Methods

Data Source
This retrospective cohort study utilized the State Ambulatory Surgery and Services Database (SASD; overview available at https://www.hcup-us.ahrq.gov/ sasdoverview.jsp) for the state of New Jersey encompassing the years 2003 through 2012 and the Nationwide Inpatient Sample (2001-2012) which were obtained from HCUP, Agency for Healthcare Research and Quality (Rockville, MD). [10] [11] The SASD includes encounter-level data for ambulatory surgery and other outpatient services from hospital-owned facilities, with the specific types of ambulatory surgery and outpatient services varying by state and data year. The SASD from each state includes encounter-level outpatient data that are translated into a uniform format to facilitate multistate comparisons and analyses, and contains a core set of uniform clinical and nonclinical information on all patients, regardless of payer, including those covered by Medicare, Medicaid, private insurance, and the uninsured. Some SASD states include additional patient demographic information such as race. The NIS represents approximately 20% of all inpatient admissions to nonfederal hospitals in the United States (US). The NIS is com-prised of discharges from a stratified random sample of nonfederal hospitals in up to 45 states, approximating a 20% representative subsample of all US nonfederal hospital discharges.
Inclusion and Exclusion Criteria
Using the International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis and treatment codes, discharges were identified for those patients undergoing ACDF (defined as anterior cervical fusion (ICD-0 code=81.02) + excision of intervertebral disc (80.51)). All ACDF patients were segmented into an inpatient group derived from the NIS, and an outpatient group derived from the NJ SASD. Patients with > 3 vertebrae (>2 levels) fused (ICD-9 codes 81.63-81.64), cancer (ICD-9 codes 140-239), or trauma (ICD-9 codes=805.0-806.9) were excluded. Additionally, any patient with any missing data for age, sex, total hospital cost, inhospital mortality, hospital length of stay, number of procedures (defined as number of procedures coded on the discharge record) and number of diagnoses (defined as total number of diagnoses coded on the discharge record) was excluded.
Data Collection
Demographic data for age, race, gender, median household income for postal (ZIP) code of residence, and primary payer (Medicare, Medicaid, private insurance, self-pay, no charge, or other), were analyzed in this study. A total of 14 postoperative complications were analyzed to assess the impact of outpatient versus inpatient ACDF on each variable ( Table  2 ). These variables were selected based on previous work involving population-based databases to conduct postoperative analyses and known perioperative ACDF complications. 5
Statistical Analysis
Statistical analysis was performed using SPSS version 17 (IBM Corporation, Armonk, New York). The characteristics of patients, providers and hospitals were summarized by descriptive statistics. Propensity score matching (PSM) was performed using R 3.2.3 (R Foundation for Statistical Computing, Vienna, Austria) assisted by MatchIt, rgenoud, and Matching packages. [12] [13] [14] [15] PSM was performed separately on more than 8,000 inpatients and all outpa-tients receiving ACDF adjusting for age, race, sex, primary payer of care, and number of diagnoses. Following PSM, postoperative variables was analyzed using chi-square testing, with significance defined as a P value less than 0.05. Sample size calculations were performed using MapleTech online software (http://www.calculator.net/sample-sizecalculator.html).
Results
Patient Demographics
From 2001 through 2012, the NIS database contained 94,492,438 patients, of whom 257,398 (0.3%) received ACDF. Of the 4,194,207 outpatients comprising the 2003-2012 NJ SASD, 2,016 (0.05%) received ACDF, for a total of 259,414 patients who received ACDF. The demographic distribution of patients in both cohorts by age, sex, race, number of diagnoses, insurance status, and primary payer is listed in Table 1 , with one-way ANOVA testing used for analysis. The overall differences between the two cohorts represented a significant reason for PSM to be performed (Table 1) .
Sample size calculations revealed that a minimum of 384 outpatients receiving ACDF would be needed to achieve a confidence level of 95% at a confidence interval of 5% for perioperative outcomes; consequently the sample size of 2,016 outpatient ACDF procedures ensured that this study was sufficiently powered. 
Outpatient versus Inpatient ACDF
Due to the volume of inpatients receiving ACDF, PSM was performed on a 10,080 patient subset, which included all 2,016 SASD outpatients and 8,064 randomly selected NIS inpatients. Following PSM, subsequent analysis found outpatient ACDF to be associated with decreased durotomy, paraplegia, postoperative infection, hematoma/seroma, respiratory complications, acute posthemorrhagic anemia, and red blood cell transfusion (Table 2; all P < 0.001). Odds ratios were calculable for durotomy and hematoma/seroma, and were 0.81 and 0.14 respectively for outpatient versus inpatient ACDF.
Discussion
There has been recent increased interest in pursuing outpatient ACDF, due to the cost-savings that outpa- 4 However, such savings is only beneficial if outpatient ACDF is shown to be comparably safe and efficacious as traditional inpatient ACDF. The goal of this study was to further investigate this issue, using sample sizes far greater than any previously reported in the literature. 5, [8] [9] The 259,414 patients examined in this study is more than 35 times greater than the previous largest study comparing inpatient versus outpatient ACDF, which involved fewer than 7,300 patients. 5 Our results indicate that in the perioperative period for fusions of 1-2 levels, outpatient ACDF was associated with fewer perioperative complications than inpatient ACDF, most prominently with regard to paraplegia, postoperative infection, respiratory complications, acute posthemorrhagic anemia, and red blood cell transfusion requirement. Intriguingly, ACDF performed on an outpatient basis was 19% less likely to result in an intraoperative durotomy, and 86% less likely to result in a postoperative hematoma or seroma. These findings may be due to potential reporting bias between inpatient and outpatient centers, since hospitals (unlike ambulatory centers) are incentivized to report comorbidities and complications. Another potential explanation may be the significantly greater proportion of Medicaid patients in the inpatient group (Table 1) , since Medicaid patients are more likely to have medical problems, associated comorbidities, and require longer hospitalization. 16 The fact that the inpatient group also had significantly more diagnoses than the outpatient group may also have played a role in our findings ( Table 1) . Consistent with multiple peer-reviewed publications using HCUP databases spanning several medical disciplines, this study provides level 2b evidence. [17] [18] 
Limitations
There are several limitations of this study, the most prominent being its retrospective nature and reliance on a single state for outpatient data. The reliance on the NIS and SASD allows for potential uncertainty regarding the accuracy of case assignment for the database -it is theoretically possible that coding decisions between the hospitals involved were made by personnel with limited clinical experience and may have been influenced by nonclinical factors, such as reimbursement. This reliance on coding also prohibits the differentiation between one-level and twolevel fusions (respectively two vertebrae and three vertebrae fusions), since they both share the same ICD-9 procedure code of 81.62; this code also prohibits differentiating primary versus revision fusions. Another limitation is that while the number of diagnoses is recorded in both NIS and SASD, the relative severity of these was not accessible for this study. Furthermore, neither the NIS nor SASD allows for determination of the chronological relation between the ICD-9 codes and the surgical procedure, which eliminates the possibility of performing analysis involving temporal association. A further limitation is that neither database allows for elucidation as to the criteria for patient selection; therefore it is possible that the results from this study are due to selection bias between patients deemed appropriate for inpatient but not outpatient ACDF, potentially due to technical difficulty or case complexity. This criticism is strengthened by the fact that the inpatient group had significantly more medical comorbidities diagnosed than the outpatient group (Table 1) . However, it is also possible that patients who would have been deemed by the surgeon to be suitable for outpatient surgery may not have been able to receive it due to insurance or hospital staffing concerns. Finally, because neither the NIS nor SASD allows for capture of data upon readmission, it is unable to provide postsurgical data beyond the time the patients were initially discharged. Unfortunately, any subsequent complications would not have been captured by the NIS or SASD, even if they occurred within the first 30 days postoperatively. Therefore the results from this study must be interpreted strictly on a perioperative basis, which weakens the applicability of these findings given the lack of follow-up.
Conclusions
Accepting the limitations of the NIS and SASD, these findings comprising a 12-year nationwide inpatient analysis and a 10-year single-state outpatient analysis of more than 250,000 total patients indicate that outpatient ACDF may yield fewer perioperative complications than inpatient ACDF, including durotomy, hematoma, paraplegia, respiratory complications, and anemia. These findings (level 2b evi-dence), comprising by far the largest sample size in the published literature, indicate that for ACDFs of 1-2 levels, outpatient ACDF may not be inferior to inpatient ACDF on a perioperative basis. Further studies involving longer-term follow-up will be necessary to determine if these findings persist over time.
